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Testof 1/37.5-Scale Materiel Division Design Barrage Ballons X41F1365, X41F1366, 
andX41F1367 (Five-FootWind Tunnel Test Nos. 317 and 324) 

Young, D. W.; Gilmore, J. H. 
Air Materiel Command, Wright-Patterson Air Force Base, Baytgn.Q        R=4??4 

Tests were conducted to determine the best location for the maximum diameter of 
the envelope (barrage ballon) with regard to stability, and also the change in longi- 
tudinal trim angle caused by a. change in the horizontal Jüxincidence. Results in- 
dicate an improvement in longitudinal and directional stability as maximum diameter 
is moved forward, and an increase in trim angle about the flying cable junction of 
A      Jf«*   wog«sc ucgc&txr*; MUX XttlPUlOA XxU. UlUVCIIient. 

Copies of this report obtainable from Air Documents Division; Atm: MCIDXD 
Lighter-Than-Air (40) Balloons, Barrage - Stability 

and control (15653) 
R-40 
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TEST OF 1/57.5-SCALE MODEL OF 
MATERIEL DIVISION DESIGN BARRAGE BALLOONS, 

NO'S. XU1F1365, XU1F1366, AND X10-F1367 
(FIVE-FOOT WIND TUNNEL TEST NO'S. 317 & 32h) 

SUMMARY 

Two series of wind tunnel tests were undertaken by the Materiel 

Division. The first series, Test No. 317» investigated the effect on 

directional and longitudinal stability caused by moving the maximum diameter 

of the envelope forward. The second series, Test No. 32ky  was run at a 

later date to determine the effect on the longitudinal trim and stability, 

placing the horizontal fins at a negative angle of incidence. 

Results of the first series of tests on the three envelopes, each with 

the same fins, indicates an improvement in longitudinal and directional 

stability as the maximum diameter is moved forward. 

The second series of tests indicates an increase in trim angle, about 

the flying cable junction, of one degree for each degree of negative 

movement of the horizontal fins. This relation was found to hold for both 

models which were tested, Nos. XI;1F1363 and Xi+1F1366. 

DATES AND PUCE OF TEST 

The first test was conducted in the Five-Foot Wind Tunnel at Wright 

Field from November 1 to kf  19i|l» and the second test was run on December 

22, I9I4I. 

OBJECT 

The object of these tests was first to determine the best location for 

the maximum diameter of the envelope with regard to stability and second, 

RESTRICTED 
M 97-1*0 
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to determine the change in longitudinal trim angle caused by a change in the 

incidence of the horizontal fins. 

DESCRIPTION OF MODEL 

Balloon 

Length (inches) 

Maximum Diameter (inches) 

Position of Max« Diameter 
(Percentage of length) 

C.R. Location 
(Inches aft of nose) 

XlOF1365 XJ4IFI366 XI4IFI367 

2U.3 2lu21   25.3 

9.0 9.00    9.0 

30.0 2g.l0   25.8 

9»U77 9.00 9.199 

The envelopes and fins of the three models were made of mahogany, 

and the envelope was hollowed out to a wall thickness of approximately 

O.g inch. The seams of the fins were parallel to the contour of the envelope 

at the point of attachment. The same fins were used on the three models. 

For the tests with horizontal fins placed at -3 and -6 degrees to the center 

line, mahogany shoes or fairings were made to join the fins to the envelope. 

PROCEDURE 

The models were mounted on a 7/l6-inch diameter spindle attached at the 

center of buoyancy of the envelope, referred to in this report as thenC.R." 

The cable junction, about which the full-scale balloons are expected to be 

flown is located for the model 10o2lj inches below the center line of the 

envelope and 7»36 inches aft of the nose for all three envelopes. 

In test No. 317 for each of the conditions tested, cross wind force, 

drag, and yawing moments about the C.R. were observed for a range of yaw 

angles from 0 to ± 20 degrees with the model set at 0, +10, and +20 degrees 

pitch. Lift, drag, and pitching moments were also observed for a range of 

pitch angles from Ö to ± 20 degrees at zero degrees yaw. The test air speed 

WR ^0 miles Der hour for all tests, except the yawing moment tests conducted 

DA' 
laesas 

MÜAC- .lHK.VCi-4-i-—II-4UM 
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5 on the XÜ1FI566 model, Trhioh were made at an air speed of £0 miles per hour- 

Test No. 32I+ consisted of tests to determine the effect of incidence 

0f the horizontal fins. Models Xi;lF1365 and X10P1366 were both tested with 

horizontal fins set at -p and -6 degrees. Lift, drag, and pitching moments 

were observed for a range of pitch angles,from -20 to +20 degrees, at zero 

degrees yaw. No yawing moment tests were made for these conditions. 

All data were corrected for support interference. 

DISCUSSION OF RESULTS 

Graphs 1 through g are values obtained from Model XUIFI365, which has a 

maximum diameter at 30.0 percent aft of the nose, Graphs 9 through 16 give 

the values for Model X^1F1366, the maximum diameter of which is 2g.l percent 

aft of the nose, 

;Graphs 17 through 2h  include the values obtained from model XUIFI367, 

which has its maximum diameter at 25.g percent aft of the nose. 

Comparison of graph 17 with graphs 1 and 9, in each case a plot of the 

yawing moments about the C.R., indicates some improvement as to directional 

stability for the XIAFI367 model. Similarly, a comparison of graphs 5, 13, 

and 21 indicates a slight improvement in longitudinal stability. 

The yawing moments were transferred from the C.R. to the flying cable 

junction for Model XJLO.F1365. Inspection of these moments, graph 33, indi- 

cates the model is directionally stable at zero degrees pitch for all yaw 

angles tested; except from -2 to +3 degrees, when it is neutrally stable. 

At +10 degrees pitch the model becomes directionally unstable for angles of 

yaw from -1+ to +k degrees. Then at +20 degrees pitch it is directionally stab 

through the entire range of yaw angles tested. In'a major port lion of tests 

conducted on other barrage balloon models, the directional stability improves 

as the pitch angle is increased0 However, in this test the directional 

stability decreased as the pitch angle was increased from 0 bo +10 Deg. then in- 

&rt£ai ^SHEffl" 
U>Af .'vs.U't-.i.i   .41.>i'\f 
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creased with an increase in pitch angle from +10 to +20 degrees. 

Graph 3h is a plot of the pitching moments about the flying cable 

junction for the XI+IFI365 model -with fins at zero, -3, and -6 degrees. 

This graph indicates that a horizontal fin setting of 0 degrees, trims the 

model for +9 degrees pitch, whereas a -3 degree setting trims for +12.5 degrees 

and a -6 degree setting produces trim at +15.5 degrees pitch. Briefly, a 

decrease of one degree in the incidence increases the angle of pitch for trim 

approximately one degree. Graph 3k  also indicates that longitudinal, stability, 

at the angle of pitch for trim, is not altered appreciably by a change in 

incidence of the horizontal fins. However, at zero degrees pitch, the 

stability is improved as the incidence of the horizontal fins is increased 

negatively. The moments given in this report are aerodynamic moments only 

and do not include the static moment of the gas, envelope, and fin com- 

bination. 

CONCLUSION 

Both directional and longitudinal stability are improved slightly as the 

maximum diameter of the envelope is moved forward from 30 percent to 25.3 

percent of the envelope length. 

The angle of longitudinal trim is increased approximately one degree for 

each degree decrease in incidence of the horizontal fins. 

REFERENCES 

A. 1». urawing wo. 

XU1E1365 

XljlF1366 

241F1367 

Title 

Model Assembly, Barrage 

Balloon, Wind Tunnel, Envelope A 

Jiodel Assembly, Barrage 

Balloon, Wind Tunnel, Envelope B 

Model, Assembly, Barrage 

Balloon, Wind Tunnel, Envelope C 

Ail»At---ft>- V\ h-4-1 -<-•) J-iM.>l 
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" 'tti&b FUNNEL NOMENCLATURE 

= diameter of wind tunnel at test section = 5 ft. 
= wing area — sq, ft, 
= wing span—ft. 
= mean aerodynamic- chord—ft. (m. a. c.) 

E. M. A. R. = equivalent monoplane aspect ratio 
a = angle of attack of longitudinal reference axis to wind—deg. 
>V = angle of yaw relative to wind—deg. 
SK = angle of rudder relative to neutral position—(.leg. 
Si; = angle of elevator relative to stabilizer—deg. 
i, = angle of stabilizer relative to longitudinal reference axis—deg. 
v = airspeed—ft per sec. 
V = airspeed—in. p. h. 
W    . = weight of full scale airplane—lb. 
M == pitching moment—Ik-it. 
N = yawing moment —lh.-it. 
L = rolling moment—lb.-ft. 
p = mass density of air—slugs per cu. ft. = .002378 (standard air) 
q =pV-'/2 — lb. per sq. ft. 
Ci. = li ft coefficient — I .i ft/qS 
C[> = drag coefficient — Drag/qS 
Cc = cross-wind force coefficient — Cross-wind force /qS 
Ao. = Prandtl's wail correction for angie of attack 

S7.3SG 3     /   1>   \4 

. = [1+         + ] 
2 7rd" 16     \    d    / 

AC,> = Prandtl's wall correction for drag coefficient 
s cy 

[! + • H- ] 
2rd- K)    \   d 

= lift/drag    ratio — ("i./Cn 
= pitching moment coefficient — M, qcS 
= yawing moment coefficient = X/qbS 
= rolling moment coefficient — I-.'qbS 
= slope of "pitching moment versus ang'.e of attack" curve at trim 
=slope of "yawing moment versus angle of yaw" curve at zero yaw 
= slope of "jawing moment due to rudd.v wr.>m rudder angie" curve at zero rudder angle 

CL" 
= induced drag coefficient =^  

-..-•   K. M..V R. 
— profile drag coefficient 
— parasite drag coefficient — Cn — (Cm + Ci,.-,) 
= equivalent flat plate area -— d>„ S/1.279 

re iij.>t,-«'iini. upward and to right viewed from the rear 
4wiwr.Mii, upward and to right viewed fv.un the rear 

L/D 
Cra 

C,. 
C, 
AC„,/Aa 
AC ,/A* 
AC ,/A8„ 

Cm 

Clio 

Ci),! 
A,. 
l'oStiv<.'d:st;m 
Positive fore: 
Positive pitching moment is a stalling moment 
Positive yawing moment is clockwise viewed from above 
Positive rolling moment is clockwise viewed from the rear 
Positive angles are in ilv. sain-? direction as moments 
Positive stabilizer setting i. v'.üh loading edge up referred to longitudinal reference axis 
Positive elevator setting is with trailing edge down referred to stabilizer 
Positive rudder setting is with trailing edge left referred to neutral position and viewed frcm the rear 
Angie of attack of thrust line is referred to wind 

Wr>-rhtFi.l.!x-17..«.lD0 Aug. 1, 1937 

j 
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TABLE    II 

MATERIT, DIVISION DESIGN BARRAGE BALLOON XUIYI365 

Test No. 317 
Wright Field, November k, 19Ul 
Plotted on Graphs 5, 6,  7, S 

Angle 

of 

C 0 lavr 

Pitch Lift Net Pitching 
Deg, Drag L/D Moment 

About 
C.R. 

Lb. Lb. Lb.-In. 

G -.016 .290 -.05 --2K 
+2 + .131 .3C9 + J+2 + -fli 

h .51*6 .322 1.37 .90 
6 .603 .JUS 1-73 .72 

10 l.lSLt .ii56 2.72 -.63 
15 2.013 .650 3.10 -J..U5 
20 2.222 • 995 2.90 -7.13 

-2 -.179 .306 -.59 -1.03 
-a --Ü05 .326 -I.224 -1.16 
-6 -. 6S0 .550 -1-9U -.76 

-10 -I.256 •j439 -?.S6 + -15 
-15 -2.0S1 .651 -3.20 3-^7 

»   -20 

i 
-2.96U 1.007      , 

1 

-2.95 7-ii2 

MJU»A^-ioo- n i -i-uMi-iUfll 



J£ 

**» 

M 

M 

NN 

O o 

g 
o 
-a: 

H 
P3 

o 
h-l 

1—1 

K 

"3." 

sertiAU No. 

•OJ 

rH (H 
rH 

NN    »v 
O 

U rH 
0) 

1*77^ 

o\ x> 
I 
!> to 
O JS 
fe p. 

•* >% 
T3 O 
rH 

(1) 
•H 

x: -p 
W>P 

•H   O 

•a! 

-O 

C 
CO 
p 
CO 

•   O 

sa P 
(1 

O    0) 
\0 IH 

X! 
Ü 

•P 
•H 
a, 
o 
o 
+ 

x: 
-P 

P* 

o 
c 

JS o 
-p 

o 

r-l 

P G 
C •P M 
<1> 2 •    1 

Is E O ffi     • 
cfl 0 X> <• X 
tHÄ<!ü.i4 

Ü 

P   Co 
a> s-, 

10 a> 
n -a o 
^ vH O 
O 5= Pn 

X> 
P} 

t-4 

•P. ß 

Ö  -P IH 
(U   3    .   I 

Mo«   • 

Ü 

10 
P   to 

X> 
PI 

iH -4 iT-vO 50 rH 
to, ^  «\ CM CM to 

KNNN LiNOJ KM» 
O OJ -4" r- CM NO 

OJ  LiN ITvTO rH OK 
KN NN uN ON NN ON 
CM OJ CM OJ —i t^ 

H S3 v? CTx-3- ON 
KN t"- <•£>  CM UN CM 
O OJ UN 0s-1>» o 

3 

• 
rH 

o 
rH 
O 

Oi 

SO 
UN 

O rH OJ ON UN O 
to O fcj CO  t— KN 

I   r-i    I ÜN0J 

XO 0-4 lf\ NN UN 

I     1     I 
I     I     I 

I    + 

UN C- O O t"~ ON 
_4v)  HJOrl 
OJ CM NN_4 vj -zi 

•       ••••« 
rj ri H H H fl.1 

rH r-l OJ XV5 \0  rT\ 
OJ CM f- ON CM O 
KNsO  0- C~- r-i -4 •    ••»«• 

I    I    IH r*N-4 
:   1   > 

ON MN f— O» O- NN -jinJri so -.•: 
I    +   <-*   rH 

I 

NN r-1   CA OM>- ii"> 

1   + rH  Oj  Oi 

03 (0 
0} -Ö O p ß u 
(H -H O XJ 
O £= fe J 

P             c 
ö   P           rH 
0)    3      •     1 X\ CM H OJ rH t>—:3 

CM  rH  N-\ OJ-3T--3' 0^ g   B 0 «   • 
fi)   O jQ     . X> •       •••••• 
M a <5 0 t-^ 1   +             H LfwO 

1   1   1 

O 

P   P3 
O   U 

ra <D 
(0 '<"• '* 
O C t-i 
f-, -H O XI 

rJ 

O 
00 
(1) 
Q 

M) \ö N rl N ifi 
UN IS\ tr,'0 C—rH 

10 HO C~~ O\?0 
rH r-TNi-' r! OJ rH 
O OJ UN a>M rH 

cv. 
-J- 

1 

OJ 

CM 

vO 

vO r<N OJ 10 U .-^ 
N5 CV TO - 
rH  CM 

I      I 

•    •    • 
+ ~1 o 

O  N"\f- O rH LT\ 
UNO  IXv.C tO O 

I* rH  rl  CM CM  0* 
i      I      I      I      I 

rH  L£N rf\ C - KMT\ 
r— 0\~3 t.) Ii\0-J 

r-i r-i 

\0 >-\0 "•> O ITS vi r-o T-^ -g-so 
OJ H\C   -j OJ UN •    ••••• 

I      I   iHri   f^N-J 
I   I   I   I 

V.. sO -3" KN "0 -J- 
lS\Z0 ^-yO O C~- 

I     I     I MO 
r-i 

_3\G OOriO^O 
O r--sO OJ O C\i rH 

I    +   rH  OJ  NN rf-, f^v 

GTH  O--- 

4:MU\SD3H 

OJ  <M rH  '.1   O   !••> .'~l 
O   r^ . r— rH  O   N \-O 

If r-<   CvJ   ff",N\ 

-SO -3 CM OJ NN 
50 --O  CM rH  OJ  ON •     »•••» 

I rH OJ K\r<N0; 
I    I    I    I    I 

r<N_4 *•"> *N-:r <H 
CV  UNO _-T O! r-t 
_3-_t U\-0 O^O 

u^o; -s o a^r-i 
r.-xf- ,_: r> CM t-- 

I      1    r-l 
I    ! 

O C ' _-?••£> O U 1 r- AJ _:j vO 
I     I     I 

:> no 
-I   rH OJ 
I       I      I 

10 1 

jSfrfJ.J» •MM...MHl^«,i„JiV|H 

iOO-nrH-lj^l^yfl 
gg—aaa^gaBBt^aangscteB a agssseaeaa; ttfisssssaa jaagasaBssg^sgaE s JIIM»«» 3S3S 



*• 

PAGE     11 1 

d& 

$0 M.P.K. Standard Air 
Tost No.  517 

TABLE    IV *< 

MATERIEL DIVISION DESIGN PARRAGF, BALLOON XUFI366 

Angle 

of 
Pitch 

Deg, 

0 
• *2 
:    h 
1   6 
; 10 

J 20 
1 

! -2 

'if 1-6 
ä-10 
{-15 
-20 

Lift 

Lb. 

-.Oil, 
+ .150 

• 347 

I.O65 
I.S51 
2.62:9 

-.211, 
-•3c 3 
-•593 

-1-166 
-I.955 
•2.777 

Met 
Drag 

Lb. 

.290 

.297 
•317 
.336 
•ijl9 
.610 
.-518 

0° law 

L/D 

-.05 
+.51 
I.09 
I.63 
2.51; 
3.03 
2.39 

.302 -.71 
319 -1.20 
32+3 -1.73 
1+27 -2.73 
625 -3.I3 
96g -2.S7 

Wright Field, November J,  191+1 
Plotted on Graphs 13, ll+3  15» 16 

Pitching 
Moment 
About 
G.R. 
Lb.-In. 

-.36 
•^.09 
.29 
• 5li 

-.52 
-3.51 
-7.10 

-.66 
-3.15 
-1.12 

+ .lt5 
5.1+9 
7.37 

MDAO-J>,8.WK.4.16^l.2yM 
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TABLE VI 

MA.TERIEL DIVISION DESIGN BARRAGE BALLOON XlOF1367 

50 M.P.H. Standard Air 
Test No = 317 

Wright Field» November 1, 19l|l 
Plotted on Graphs 21 -  ??; ?3; ?li 

Angle 0° Yaw 
of 

Pitch Pitching 
Deg. Lift Net Moment 

Drag L/D About 
CiR. 

Lbo Lbo Lbo-Ino 

0 -.009 «305 -.03 -.13 
+2 +.li|0 .312 +.45 +.63 

1* •354 .331 lo07 ..'31 
6 .609 .353 1.73 J16 

10 1.203 olil£ 2.72 -.91+ 
15 2.O3I .6k6 3-14 -4.20 
20 2 „933 lo012 2.90 j      -3.57 

-2 -ol50 .307 -.49 i        -o96 
~k -»367 .327 -1.12 !    -1.09 
-6 -.63g .3^9 -1.S3 j       -.63 

-10 -1.221 -U3U -2 .31 j       +.S1 -15 -2.057 .659 -3 »22 j     4.00 
-20 -2.916 .933 -2o97 3.06 

1 

i 
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TABLE IX 

MATERIEL DIVISION DESIGN BARRAGE BALLOON X41F1365 

MOMENTS ABOUT CABLE JUNCTION 

50 M.P.H. Standard Air 
Test No. 317 

Wright Field, November k,1943 
Plotted on Graphs 33» 34 

Angle 0 Pitch +10 u Pitch +20" Pitch 
of Yawing Yawing Yawing 
Yaw Moment Moment Moment 

Degrees Lb.-In. Lb.-In. Lb.-In. 

0 - .2? 

 t 

- .28 - .27 
+2 - =25 - .Hi - .60 
4 - »56 - .0^ -1.07 
6 -I.06 - .86 -1-93 

10 -3.06 -3.3S -4. 22 
15 -1.1k -g.lg -9.37 
20 -14.31 -14.60 -15.^5 

- 2 - o2i| - .41 - .01 
-k + .13 - .52 + .38 
- 6 .58 + .15 1.20 
-10 2.70 2.37 3.57 
-15 7.50 7.20 ?c53 
-20 14.16 13.70 14.86 

Angle 0U Yaw 
of Pitching 

Pitch Moment 
Degrees Lb.-In. 

0 . , +2.65 
+2 3.29 
4' : 3.16 
6 2.18? 
10 -1.05 
15  • -6.92 
20- -Hi.50 

- 2] +2.45 
-k 2.22 
- 6 3.64 
-10 S.53 
-15 8.15 
-20 13.64 

»,..«, 1 . 1.1 ,. 11.zu,\l 
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TABLE x 

MATERIEL DIVISION DESIGN BARRAGE BALLOON XI1IFI365 

MOMENTS ABOUT GABLE JUNCTION 

50 M.P.H. Standard Air 
Test No. 32U 

• 

Angle 

of 

Pitch 
Degrees 

0 
+5 
10 
15 
20 

- 5 
-10 
-15 
-20 

-V  Horiz. 
Fin 

0U Yaw 
Pitching 
Moment 
Lb.-In. 

4.73 
4.64 
2.14 

-2.82 
-9.49 

5.63 
?.50 

11.92 
17.74 

Wright Field, November k,19l 
Plotted on Graph 34 

~b~  Horiz. 1 
Fins 

0" law 
Pitching 
Woment 
Lb.-In. 

7.4o 
7.33 
4.56 
.50 

- 5.95 

«• g066 
12.95 
17.54 
23.01 

MDA<..'ss-WJ.|.i5.4I.<!()M- 
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SERIAL NO. hnh '""• a is I 

TABLE XI 

MATERIEL DIVISION DESIGN BARRAGE BALLOON X!|1F1366 

MOMENTS ABOUT CABLE JUNCTION 

50 M.P.H. Standard Air 
Test No. 32k 

Wright field, November 4, 194l 
Plotted on Graph 35 

 -1 -3U Horiz. -6" Horiz. 
Angle Fins Fins 

0" Yaw 0U Yaw 
of Pitching Pitching 

Moment Moment 
Pitch Lb.-In. Lb.-In. 
Degrees 

0 4.70 6.46 
+ 5 4.47 6.45 
10 2.16 4.57 
15 -2.60 .67 
20 -8.99 -4.3S 

- 5 5.U5 £.50 
-10 8.45 12,56 
-15 12.70 17.51 
T20 17.51 22.60 

MDA< ;>«-Wr-J-llj-<l-j!uM 

-J 
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SERIAL NO. 4771; 

r ! 

TABLE XII 

MATERIEL DIVISION^DESIGN BARRAGE BALLOON Xl£F1366 

MOMENTS ABOUT CABLE JUNCTION 

60 M.P.H. Standard Air 
Test No» 317 

Wright Field, November h,  19l|l 
Plotted on Graph 36 

Ou Horiz. 
Angle 

of 

Fins 

0° Yaw 
Pitch Pitching 

Moment 
Degrees Lb.-In. 

0° 2.22 
+2 2.75 
h 2.52 
6 2.lh 
10 -.51 
15 -6.33 
20 -13.75 

- 2 *2.S7 
-k 2.76 
- 6 3.05 
-10 5.28 

-15 9.15 
-20 

.I.       ' • 

+13.33 

MUAI •«».WF-4.1,,.(I.2(IM 
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